Purpose: To describe the concept, features and mechanisms of epileptic headache (EH). Methods: Analysis of all published articles concerning EH and related subjects. Results: There are more than 30 published case studies of patients with headache as the only manifestation of a seizure, a condition that has been variously called "EH", "ictal epileptic headache", "hemicrania epileptica", "cephalic pain seizure". It is necessary to differentiate EH from "migralepsy" and "ictal non-epileptic headache". EH may be an isolated event or the initial phase of a seizure followed by other manifestations. An isolated EH is clinically relevant because it is often symptomatic of structural brain disease; this underlines the importance of a differential diagnosis as the head pain of EH has no specific diagnostic characteristics. The described cases indicate that the location of the foci may vary, thus suggesting the involvement of different parts of the pain network. EH is a "focal aware" seizure, but there are a few reports of cases in which it was associated with generalised epileptiform activity. A correct diagnosis of EH requires an ictal EEG recording showing epilepsy-compatible discharges that coincide with the onset and cessation of the headache. A rapid response to the acute administration of an antiepileptic drug may support the diagnosis. Conclusions: EH is a particular type of pain seizure that has a complex pathophysiology and, when isolated, requires differential diagnostic consideration. We believe that, although it is not frequent, pain as an ictal symptom should be highlighted in the operational classification of seizure types.
Introduction
There has recently been growing interest in reports of patients having headache as the only manifestation of an epileptic seizure, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] and it has been suggested that the most appropriate term for this condition is "epileptic headache" (EH), [12] although called "ictal epileptic headache" by some authors. [10] However, there is still debate concerning the characteristics, clinical features and mechanism(s) of EH, and some published reports show that it is not always correctly identified. [13, 14] In this paper, the term EH will be used to define an episode of head pain caused by an epileptic discharge: i.e. a painful seizure. According to the recent ILAE operational classification, [15] EH is a "focal aware" seizure corresponding to the former definition of "aura" and, as such, can occur in isolation or precede other more clinically recognisable epileptic manifestations.
The aims of this review are to analyse the clinical characteristics of the cases reported in the literature, suggest criteria for a correct diagnosis of EH, and discuss the mechanisms underlying it.
Methodology
A systematic search of the PubMed database was made in order to identify all of the articles containing the words "epileptic headache", "headache and epilepsy", "migraine and epilepsy", "ictal epileptic headache", "hemicrania epileptica", "migralepsy", "migraine-triggered seizures" and "ictal headache (for which PubMed also gives pre-, post and inter-ictal headache).
For practical reasons of brevity, some articles that merely discuss previously published data without introducing any new elements have not been cited.
Published cases
It should be noted that the terms 'epileptic headache' [16] , "epileptic cephalea" [17] or "céphalée epileptique" [18] were once b Rhythmic spikes during tachycardia corresponding to a short period of a long-lasting headache during which no abnormalities were seen (doubtful EH). c Reported as "migraine with aura" but the text (Section 3.1) says that language disturbances and visual and vegetative symptoms "followed" the head pain.
improperly used to designate headaches associated with epileptiform inter-ictal EEG abnormalities that improved after antiepileptic treatment.
The first report of a patient whose symptoms were compatible with the present diagnostic criteria for EH seems to be that published by Grossmann et al. in 1971 [19] . During the subsequent 35 years, only three articles describing a total of 10 patients with EH were published, [20] [21] [22] although further cases of EH were described without specifying this diagnosis. [23] However, many more cases have been published since 2006, which suggests that EH was previously under-diagnosed.
For this purposes of this review, we identified 32 cases whose characteristics are compatible with EH (see Table 1 , which updates a previously published table published by Cianchetti et al.) [12] . Table 1 includes some cases diagnosed by the authors as "hemicrania epileptica" (Nos. 3-7 [21] , 21 [24] and 22 [25] ) because this is a particular variant of EH (see below). Case No. 3 of Beauvais et al. [22] is not shown in the table because of its peculiar characteristics (but it is discussed below), and case No. 1 of Saitowitz et al. [9] was excluded because it does not meet the criteria for EH. [13] The five cases of Fanella et al. [11] are based on retrospective video-EEG recordings: their case No. 1 is not shown in the table because comparison of its history and the EEG tracings suggests that it is the same as that included in another paper by the same authors [7] (case No.18 in Table 1 , which was also reported in another of their papers [26] ). This and case No. 2 of Fanella et al., [11] as well as the case reported by Gofrani et al. [1] (No. 11 in Table 1 ), are the cases of EH associated with idiopathic generalised epilepsy; however, the epileptic abnormalities during the headache episode shown in the published EEG tracings [7, 11] seem to be the same as those detected outside the headache period, which raises some diagnostic doubt. The last two cases (Nos. 31 [27] and 32 [28] in Table 1 ) have just been published.
A video-EEG sequence documenting the attacks has been published in only two cases (Nos. 19 [8] and 21 [24] in Table 1 ).
In some of the reported cases it can be seen that the headache of an epileptic nature occurred alone as an isolated manifestation of a seizure, whereas in others it was followed by other epileptic (particularly motor) manifestations as the opening phase of a seizure. Given the diagnostic problems associated with these possibilities, we suggest separating the cases in which EH was the only seizure manifestation from those in which it was followed by other manifestations.
Isolated EH
An isolated EH is clinically relevant because the headache is the only symptom (or the largely predominant symptom in the case of the presence of other minor symptoms; see Table 1 ), and has no specific features suggesting its epileptic nature. The only way to make a correct diagnosis is if it occurs during the course of an EEG recording; however, it must be borne in mind that in rare cases the usual scalp EEG recording cannot detect the activity of the focus, which suggests that some cases may not have been diagnosed.
Most cases of EH are secondary to a focal brain pathology, and so it is important to identify them correctly.
EH followed by other seizure manifestations
In this case, the headache attack is more easily identifiable as an epileptic "aura" (i.e. a sensory onset) as it is immediately followed by other epileptic manifestations that may be of any type: loss of contact; confusion; automatisms; tonic ocular, cephalic or truncal deviations; or focal or generalised motor manifestations. It can be differentiated from a pre-ictal headache on the grounds that the latter does not have the electrophysiological characteristics of an epileptic seizure, but a differentiation may be impossible in the absence of an EEG unless there is an interval between the headache and seizure.
As mentioned above, this condition may occur in some patients who also have isolated EH ( [10] ). Otherwise, visual symptoms and migraine-like patterns immediately followed by an epileptic seizure may be part of an epileptic seizure of occipital origin [29] [30] [31] [32] [33] (particularly of the Gastaut type) [34] , and sometimes take the form of a status epilepticus [31] . The epileptic nature of such cases is suggested by the continuity between the pain and the subsequent seizure manifestations, even when no ictal EEG is available. Temporal lobe foci were responsible for such a headache/aura in five of the six patients described by Kim et al. [35] Since 1983, cases with this condition have been reported as having a "cephalic painful epileptic seizure" [36] [37] [38] [39] .
However, it should be underscored that the "aura" may not be remembered, especially if it is followed by a generalised motor seizure [40] , and so the condition may escape diagnosis. Case No. 3 of Beauvais et al. [22] (not shown in Table 1 ) is the only one of its kind so far: a unilateral headache supervened two minutes after the beginning of a temporal (hippocampus and amygdala) epilepsy seizure consisting of an ascending hypogastric sensation, a sensation of environmental modification, loss of contact, agitation, vegetative manifestations, chewing and blinking. Although in this case the headache phase does not fit the strict definition of "aura" as it occurred after the onset of other ictal symptoms, it may share the ictal discharge-related mechanisms of EH.
General clinical features of EH
On the basis of the cases summarised in Table 1 , the main characteristics of EH can be summarised as follows.
It may occur at any age, including childhood and adolescence. It affects both sexes equally. It does not have peculiar characteristics: in some patients it has been described as having the features of migraine with or without aura, in others as a tension-type headache, while in others is indefinable.
The kind of pain and its location may also vary. It may last for seconds, or even for days, in which case it is a headache/status epilepticus with migraine-like features ( [1] ); a shorter duration seems to be more frequent in the case of temporal and anterior foci.
Minor accompanying symptoms have been described during the attack in about half of the reported cases, and include phonoand photophobia, nausea and sometimes vomiting in migrainelike cases, pallor, difficulty in talking, agitation, and irritability.
Ictal EEG recordings show abnormalities compatible with an epileptic seizure that begin and stop at the same time as the headache. In some cases, the abnormalities can only be detected by deep electrodes.
Interictal EEG abnormalities may be present or not, and the patient may also experience other kinds of epileptic seizure. The brain diseases detected include genetic encephalopathies, early encephalopathies, trauma, malformations/dysplasias, dysembryoplastic neuroepithelial tumours (DNETs), neoplasms, and chronic encephalitis; idiopathic epilepsy has only been reported in two cases (Table 1 , case Nos.12 [2] and 18 [7] ).
Lesions may be occipital, parietal, temporal or frontal, and the variable features of the headache do not always correlate with the site of the lesion or EEG focus. Among the cases in Table 1 for which the location is defined with sufficient precision, four cases of "migraine without aura" (the authors' definition) involved the occipital lobe (Nos.12, [2] [21] ). Furthermore, a diagnosis of "tension-type" headache was formulated in two cases with generalised EEG abnormalities (Nos. 18 [7] and 27 [11] ), and the site of the EEG focus/lesion in cases of undefined headache was temporal in three (Nos. 2, [20] 19 [8] and 26 [10] ), parietal in two (Nos. 10 [22] and 16 [5] ), fronto-central in one (No. 9 [22] ), and occipital in one (No. 15 [5] ). Finally, it is intriguing to note that there are four cases in which the EEG recordings made during an EH showed a generalised pattern (Nos. 7, [21] 11, [1] 18, [7] and 27 [11] ).
See the paragraphs above sub-titled "EH followed by other seizure manifestations" for further examples of variability.
Pathophysiology
EH is an ictal epileptic event that falls within the category of "painful seizures", [36] which are thought to be due to a discharge involving or originating from cerebral areas of pain processing (the pain network or pain matrix) such as the primary and secondary somatosensory cortices, the insula, the anterior cingulate cortex, the prefrontal cortex, the thalamus, and the amygdala. [41] [42] [43] [44] [45] In particular, it has been demonstrated that the secondary somatosensory cortex and insula are relevant areas of pain perception. [46] This multi-area network may explain the different foci found in different cases of EH: the various migraine-like, tension-type or non-specific features of EH do not usually correspond to specific areas of EEG abnormalities/lesions and, like other types of epileptic aura, an EH does not always suggest the originating foci (see review [47] ). However, the fact that EHs with migraine-like features are more frequently seen in patients with occipital lobe epilepsy is interesting because of the partial similarity of the mechanisms underlying these forms of epilepsy and migraine. In the presence of visual symptoms, it can be hypothesised that the epileptic discharge starts in the calcarine cortex activating the same pain circuit as that involved in migraine, which continues to be active during the period in which the headache is felt. If this is the case, the only difference between EH with migraine-like features and true migraine with visual aura is the mechanism of onset: abnormal excessive or synchronous neuronal activity in EH, and spreading depression in migraine. In the absence of sensory symptoms, it can be hypothesised that the epileptic discharge immediately activates the same pain circuit as that involved in migraine Analysis of the reported observations of EH suggests a "focal aware" seizure, as defined in the new operational classification of seizures, [15] even though the location of the focus is not well defined in some cases. However, there is the problem that four of the cases in Table 1 [11] ) has been reported to have a generalised EEG pattern during EH. These reports, which are consistent with those of other epileptic "auras" in the literature, [47] contradict the concept of a "focal aware" seizure, thus suggesting that it may be more appropriate to use the non-specific term of "aura". However it should be noted that an EEG ictal discharge was recorded from the time of headache onset in only in one case (No. 18 [7] ), and so a focal ictal onset cannot be excluded in the other three cases. Furthermore, a focal discharge may involve a subcortical component of the pain matrix such as the thalamus, periacqueductal grey matter or dorsal pons. [48, 49] .
Another problem arises from the reported ipsilateral (homolateral) nature of the epileptic focus and hemicranial pain ( [25] ). It is known that the insular cortex and supplementary sensory cortex are pain matrix structures that have a partially ipsilateral representation, and may therefore be responsible for the cases of "hemicrania epileptica"; however, it should be noted that the location of the pathology or EEG focus reported in these cases is not in line with this hypothesis.
Interestingly, the patient of Lindner et al. (Table 1 , case No. 8) reported a right-sided headache corresponding with the right EEG focus, but left-sided peri-oral, fingertip and forearm dysesthesia suggesting right parietal involvement [23] .
Terminology and definitions
We suggest using the term "epileptic headache (EH)" rather than "ictal epileptic headache" [10] because EH is by definition ictal. An epileptic seizure can only be "ictal" and so an epileptic headache is necessarily ictal; "non-ictal" headaches are epilepsyassociated headaches, not epileptic headaches.
The two widely used terms of "hemicrania epileptica" and "migralepsy" deserve some comment, as does the newly proposed "ictal non-epileptic headache".
"Hemicrania epileptica" was used by Isler et al. [21] to describe four of their patients (their case Nos. 1-4 in Table 1 ) whose unilateral migraine attacks coincided with deep and/or scalp EEG epileptic activity ipsilateral to the hemicranial pain; the only two other reports of a similar occurrence were published much more recently. [24, 25] However, although it was given a different name by the authors, the case of Lindner et al. [23] matches the characteristics of hemicrania epileptica, and the case reported by Belcastro et al. [4] has the features of "hemicranial status epilepticus" with the headache and occipital focus located ipsilaterally. As the cases of hemicrania epileptica clearly seem to be just an unusual expression of EH, any future cases should be classified as EH with specification of pain ipsilateral (or "homolateral") to the ictal focus.
"Migralepsy" was used by Lennox & Lennox [50] to describe an "ophthalmic migraine . . . followed by symptoms characteristic of epilepsy". They reported three cases, two of which clearly seem to be cases of occipital lobe epilepsy, with the seizures beginning with visual coloured auras and sometimes migraine. However, their definition may apply to both an occipital epileptic seizure with migrainous "aura" and a sequence of a true migraine followed by a seizure. The first is therefore a migraine-like EH leading into a seizure that subsequently develops with other ictal manifestations, which is not rare in the case of Gastaut-type idiopathic occipital epilepsy; [34] the second has nothing to do with EH.
Consequently, as the term refers to two different conditions, we do not recommend its use until consensus has been reached.
"Ictal non-epileptic headache" [51] has been proposed on the basis of a number of epidemiological studies reporting the occurrence of "ictal headaches" (i.e. headaches occurring during an epileptic seizure) and a few documented cases. In the interviewor questionnaire-based epidemiological studies (see references in [51] ), the term generically refers to a headache occurring during an epileptic seizure (necessarily with preserved consciousness) without any EEG verification. Although it cannot be completely excluded that some were cases of EH, it is unlikely that patients would refer to an isolated headache as "ictal"; if it is followed or preceded by a seizure, they would call it "pre-ictal" or "post-ictal". In the three cases reported by Forderreuther et al., [52] the "ictal" headache was the continuation of a pre-ictal headache that became post-ictal, which may not be infrequent as Mainieri et al. [53] have recently reported the case of a patient who had a sense of head pressure during myoclonic jerks, and another in whom the headaches started during a temporal lobe seizure and often continued afterwards. Asady-Pooya et al. [54] have also described ictal pain located to the head in a retrospective study of three patients, but their normal ictal EEG findings do not allow these episodes to be considered cases of EH. In the absence of an EEG recording, EH can be excluded if the headache precedes (pre-ictal) and/or continues after the seizure (post-ictal).
Diagnostic criteria
Diagnostic criteria for EH have been proposed by Parisi et al., [10] who consider four of them mandatory, including "B. Headache that is ipsilateral or contralateral to lateralised ictal epileptiform EEG discharges (if EEG discharges are lateralised)" and "D. Headache resolves immediately (within few minutes) after i.v. antiepileptic drugs".
In our opinion, criterion B is not only redundant, but does not take into account the fact that the headache in some reported cases was bilateral. In addition, criterion D is incompatible with the fact that unresponsiveness to anti-epileptic treatment does not make an epileptic phenomenon non-epileptic because, although some disorders only respond to specific treatment, a disorder is characterised by its pathological mechanism(s) and not its sensitivity to treatment. This unnecessary criterion may also be a source of confusion, as in the case of a recent report [55] in which the lack of an opportunity to administer acute therapy was cited as preventing diagnostic confirmation in two patients who, in any case, could not have been diagnosed as having EH because of the absence of the fundamental criterion of paroxysmal activity whose onset and cessation coincides with the headache. However, although not a mandatory criterion for a diagnosis, the response to anti-epileptic drugs (particularly intravenous benzodiazepines) is certainly a useful means of supporting a diagnosis.
The main criterion for EH is therefore that it coincides with the onset (and, if isolated, the cessation) of usually focal electric abnormalities compatible with an epileptic phenomenon. However, as in the case of other kinds of "aura", scalp EEG may not be able to detect such abnormalities, and this can be the cause of nondiagnosis. Table 2 shows our proposed diagnostic criteria.
Conclusions
Epileptic headache (EH) is a painful type of epileptic seizure that must be diagnosed on the basis of the presence of EEG epileptic activity coinciding with the duration of the pain.
As it may be a diagnostic problem when isolated from other epileptic manifestations, recording an ictal EEG is recommended in the case of critical headaches that are difficult to classify. The positive effect of the acute administration of an anti-epileptic drug on the headache episode suggests the possibility of EH and the appropriateness of making an ictal EEG recording.
Although rare (especially if isolated), EH deserves being more widely known, which would be favoured by highlighting painful seizures in the operational classification of seizure types.
Disclosures
None of the authors has any conflict of interest requiring disclosure.
This article is consistent with the Journal's ethical guidelines. EH is a headache of any type that is an expression of ictal epileptic activity; therefore, if isolated, its onset and cessation coincide with a scalp or deep EEG pattern of epileptic seizure, which is indispensable for its diagnosis. Variants: a) Isolated EH: headache is the only manifestation of a seizure (although minor additional manifestations may be present, such as nausea, vomiting, phono-or photophobia, agitation, irritability, hypersensitivity to noises). b) EH directly followed by other epileptic manifestations, and actually the initial manifestation of an epileptic seizure. c) Hemicrania epileptica: an EH characterised by hemicranial head pain ipsilateral to the epileptic abnormalities.
